In this article, we try to determine whether there are contagion effects across the Greek stock market and the Belgian, French, Portuguese, Irish, Italian and Spanish stock markets during both crises periods.
INTRODUCTION
The turmoil that has characterised capital markets since the summer of 2007 and its intensification since mid-September 2008 have had a serious impact on the global economy. Although the US high-risk mortgage market is considered to be the immediate cause of this turmoil, in recent years the Eurozone capital markets and financial institutions have taken their share of the extended credit cycle and have been hit hard by capital markets tensions (Trabelsi, 2012) .
The euro sovereign debt crisis finds its origin in Greece Ray, 2015; Smeets, 2016) . After disclosing the Greek deficit, leading to an increase in sovereign risk perception, the Greek crisis has spread to the most fragile Eurozone member countries (Ehrmann & Fratzscher, 2016) . As a result, uncertainties about the Eurozone markets and the unpredictable nature of the European debt crisis have seriously undermined investor sentiment.
On the other hand, the successive and massive credit rating downgrading of several Eurozone countries, in particular the most fragile ones, led to markets over-reacting to the bad news (Arezki et al., 2011) . In the wake of the crisis, the Eurozone stock markets experienced massive depreciations coupled with high stock market volatility. Taking into account these turbulences, it seems therefore necessary to determine the extent of interdependence between the Eurozone stock markets and to examine whether there is a contagion relationship between these markets during the crises periods. Studying financial contagion effects across the Eurozone stock markets is very interesting because these markets are strongly integrated as suggested by several authors (Fratzscher, 2002 , Bartram et al., 2007 . Indeed, due to the factors relating countries through trade and the banking sector, we should expect higher interdependence and contagion levels, both between and within the Eurozone markets and other countries' markets. Moreover, several authors like Savva (2009) and Connor and Suurlaht (2013) have pointed to an increasing correlation between European stock markets after introducing the Euro.
In this regard, in order to gather evidence about any contagion phenomenon across the Eurozone stock markets, we refer to the non-contingent crises theory where contagion is but a continuation of the interdependence process between markets (Forbes & Rigobon, 2002) . We therefore examine the co-movements between the Greek stock market, as the market generating the debt crisis, and six Eurozone stock markets. For that, we will use the DCC-GARCH model proposed by Engle and Sheppard (2001) , Engle (2002) and Tse and Tsui (2002) . This model is an original dynamic estimation of conditional correlations in Multivariate GARCH models. The innovation of multivariate GARCH models allows to produce timevarying correlation coefficients and energised interest in financial contagion studies.
This article is then structured as follows. Section 1 reviews relevant theoretical and empirical literature. Section 2 presents our research methodology. Section 3 presents our econometric model and the main results. The final section discusses our findings.
LITERATURE REVIEW
Several theoretical and empirical studies have focused on contagion (Bekaert, Ehrmann, Fratzscher, & Mehl, 2014) . However, research on contagion during the European sovereign debt crisis using correlation analyses shows mixed results. Indeed, some studies | 131 found a significant increase in the correlation coefficients between the different financial markets returns during the European debt crisis (Claeys & Vasicek, 2014; Kalbaska & Gatkowski, 2012; Metiu, 2012; Missio & Watzka, 2011; Andenmatten & Brill, 2011) . Other researchers believe that correlations between financial markets did not show an upward trend during the same period, suggesting the presence of a simple interdependence rather than contagion (Caporin, Pelizzon, Ravazzolo, & Rigobon, 2013; Briere, Chapelle, & Szafarz, 2012) . Samitas and Tsakalos (2013) examined the relationship between the Greek stock market and seven European stock markets using an asymmetric DCC model and copula functions to measure financial contagion. Their results point to the presence of a contagion phenomenon during the subprime crisis and reject the presence of this phenomenon during the European sovereign debt crisis. In his paper on financial contagion during the sovereign crisis, Horta (2012) suggests that the stock markets of the NYSE Euronext group, whose sovereign debt is not under market pressure, do not show contagion signs unlike at-risk countries, which showed the most serious debt problems with contagion signs. This result is similar to that reported by Kizys and Pierdzioch (2011) .
Examining asymmetric conditional correlations between the US and European stock markets during the US subprime crisis and the European debt crisis, Kenourgios (2014) found contagion across these markets during both crises. examined correlation between Greek sovereign stocks and bonds in order to study contagion of the Greek crisis. Using a DCC model, the author concluded that correlation between sovereign stocks and bonds returns increased significantly during the Greek debt crisis, pointing to the presence of a contagion effect cross the two markets. Similarly, Missio and Watzka (2011) used a DCC model to examine the dynamics of correlations between Greek sovereign returns and sovereign returns of the Eurozone countries. The authors found financial contagion across the Belgian, Italian, Portuguese and Spanish sovereign debt markets. Afonso et al. (2012) examined whether sovereign returns and credit default swaps (CDS) spreads in a given country react to the sovereign ratings of other countries. They point out to a contagion phenomenon, in particular from the lowest-rated countries to the highest-rated countries.
These mixed results reported by contagion literature are typical, as they are not unique to the Eurozone debt crisis. Indeed, such controversies stem from the different definitions given to contagion, the used measurement methods and the choice of the crisis periods.
MATERIAL AND METHODS

Methodology
In order to overcome the shortcomings of the Constant Conditional Correlation-Generalized Autoregressive Conditional Heteroscedasticity (CCC-GARCH) model, Engle and Sheppard (2001) , Engle (2002) and Tse and Tsui (2002) proposed the DCC-GARCH model, which is an original dynamic estimation of conditional correlations in Multivariate GARCH models. Their specification allows for a time varying matrix because the DCC-GARCH introduces equations describing the evolution of correlation coefficients in time.
Therefore, in order to measure dynamic conditional correlations, we apply the DCC-GARCH model proposed by Engle (2002 The parameters of the DCC model are estimated using the maximum likelihood method introduced by Bollerslev and Wooldridge (1992) . This allows to obtain for each variable, variance and conditional covariance.
Data and Descriptive Statistics
In this study, we examine 7 Eurozone stock indices: Belgium (BEL20), Spain (IBEX35), France (CAC40), Greece (Athex Composite Index), Ireland ( ISEQ overall price), Italy (FTSE MIB) and Portugal (PSI20). The study period stretches between 01/01/2004 and 12/31/2012 and includes 2.348 daily observations for each index. Stock indices series are divided into 3 segments, representing 3 distinct sub-periods. The first period is denoted the stable period, which spreads from 01/01/2004 to 07/31/2007, totaling 934 observations. The second period is the subprime crisis period, which begins with the explosion of the real estate bubble on 08/01//2007, ends on 12/07/2009, and includes 614 observations. The third sub-period is the European debt crisis period, which starts on 12/08/2009 (date of downgrading the Greek debt to the speculative category by Fitch) and ends on 12/31/2012 and includes 800 observations. Since the period preceding the European debt crisis is also a crisis period, it was necessary to divide the total period of the study into three sub-periods. The aim is to obtain a clear stable period to be compared to the European sovereign debt crisis period. Conventionally and in order to eliminate the unit root present in all indices series, we calculate stock returns as the first difference of the natural log of each stock-price index and the returns are expressed in percentage. Table 1 reports the descriptive statistics of the daily stock returns series across the total period and the three sub-periods. The standard deviations reported in Panel A present a measure of risk during the total study period. They indicate that the Greek market is the riskiest stock market of all the markets of the sample. Skewness is different from 0, indicating asymmetry for all the series. Moreover, all returns distributions show a statistically significant Kurtosis greater than 3, indicating that these distributions dispose of thicker tails than the normal distribution and that they are leptokurtic.
The normality hypothesis of stock returns series is also rejected by the Jarque-Bera test, whose coefficients exceed the critical values, rejecting thus the null hypothesis of normality for the returns series. The ADF (Augmented Dickey-Fuller) and PP (Phillip-Peron) tests, applied to the returns series, are significant at the 1% level, allowing us to reject the null hypothesis of the presence of a unit root, against the alternative hypothesis of stationarity of all returns series. All Ljung-Box test statistics for the returns series and the squared returns series are significant at the 1% level. Such statistics indicate the presence of first and second order serial auto-correlation. The existence of the latter implies the presence of a linear dependence and a nonlinear dependence (heteroscedasticity) between returns. This reflects the imperfection of the studied stock markets and attests for the presence of a clustering volatility phenomenon.
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The descriptive statistics of the stock returns series during the three sub-periods are presented in Panels B, C and D. First, we notice that the means of stock market returns have considerably dropped during the two crises periods compared to the stable period. These means are negative for all series during the subprime crisis period. With the exception of the Irish stock returns, the negative means persisted for all returns during the European debt crisis sub-period. The standard deviations of stock returns series are higher during the two crises periods, reflecting thus an increase in stock market volatility during these periods. It is important to note that increase in volatility is greater during the subprime crisis for all returns series, with the exception of the Greek market index. Notes: ***and * denote statistical significance at the 1% and 10% respectively; LB shows Ljung-Box statistics Source: own study.
RESULTS AND DISCUSSION
The DCC Model and Estimation Results
The results reported in Table 2 show that the GARCH conditional variances are positive and significant at the 1% level during the full period, as well as during the three substudy periods. These results indicate that the use of the GARCH process is adequate, meaning that market volatility varies over time and confirms the presence of conditional heteroscedasticity in the returns series.
This shows that conditional variances of the returns series depend on their past observations as well as on past shocks highlighting the volatility of the market. However, the results point to some differences in the in short-and long-term persistence of the ARCH and GARCH effects. Indeed, unlike the long-term persistence β, the short-term persistence measured by α is low in most conditional variance equations. Our results show that α (the error parameter of the GARCH model, which measures reaction of conditional volatility to market shocks), of the Belgian, Italian and Portuguese stock market returns, is higher during the subprime crisis. Its relatively high value during the first crisis period indicates that volatility of these indices is more sensitive to market events during the subprime crisis than during the sovereign debt crisis period or during the stable period. However, conditional volatility of the two Spanish and Irish indices reacts more to market shocks during the stable period than during the two crises periods. On the other hand, we notice that the short-term persistence of the French and Irish stock | 135 market volatility during the debt crisis sub-period is higher than that during the subprime crisis sub-period. Furthermore, the results of the autoregressive coefficients of volatility β, which measures persistence of conditional volatility to different market events, are higher during the two crises periods than those during the stable period. In this regard, Alexander and Lazar (2009) argue that when β is relatively high, volatility takes longer to disappear. and of the bivariate DCC-GARCH model during the full period are significant at the 1% level, indicating that the impact of lagged shocks and the impact of lagged dynamic correlations on dynamic conditional correlations are highly significant. These results support the dynamic conditional correlations model and allow us to reject the hypothesis of constant correlation between returns series. Figure 1 shows the dynamic conditional correlations of the Greek stock index and the six stock indices of our sample. Noticeably, correlation trends alternate between bull and bear phases, indicating their dynamic nature. Although there was a slight increase in correlation beginning in the second quarter of 2006, the latter varied between 3 and 4.7% on average during the stable period. However, following the outbreak of the subprime crisis, we notice an upward trend of all correlation pairs. The latter rose to an average of 6.5% and peaked in the third quarter of 2008. These peaks are higher after the collapse of Lehman Brothers in September 2008, triggering the crisis. During the European sovereign debt crisis period, dynamic correlations reached an average of 4%. We can distinguish two upward phases during this period: the first took place following the Greek crisis at the end of 2009 and the second following the worsening of the debt crisis in the summer of 2011. However, although there are upward trends, average correlations are lower than those during the subprime crisis period.
Contagion Test
In order to determine the presence of contagion effects generated by the subprime crisis and the European sovereign debt crisis, we follow Forbes and Rigobon (2002) who define contagion as a significant increase in the relationships between markets after a country shock. Moreover, in the absence of a significant trend of co-movements during crisis periods, the term interdependence is used to describe dynamics between markets. We test the presence of contagion across the Eurozone stock markets by examining the adjusted dynamic conditional correlations in order to test for the presence of a shift contagion in the sense of Forbes and Rigobon (2002) . Let and be two stock returns series such that:
Where α and β are constants and represents the error terms. According to Forbes and Rigobon (2002) , the correlation coefficient between and is adjusted by the following: * =
With = ! / − 1, where δ measures the relative increase in the volatility of $ cross the two crises and stable periods and ! and are the conditional variances of the stochastic variable respectively during the crisis period and the stable period. In our study, the variable represents the daily returns of the Greek stock index and the variable represents the daily returns of the other stock indexes of our sample. We use the following two alternative hypotheses to test the significance of the increase in the adjusted and unadjusted correlation coefficients:
Accepting the null hypothesis & ' means that correlation between the two markets does not increase significantly across the two sub-periods. In this case, we conclude to a simple interdependence between markets and not a shift contagion.
Accepting the alternative hypothesis & means that correlation between the two markets increased significantly across the two sub-periods, proving the presence of a shift contagion.
We use the t-Student test presented by Collins and Biekpe (2003) to examine these hypotheses. The test is given by:
t is distributed with (3 + 3 − 4) degrees of freedom, 3 ! 536 3 are respectively the number of observations during the crises periods and the stable period. The results of the contagion tests on the subprime crisis and the European sovereign debt crisis are presented in Table 3 below. First, we notice that the dynamic conditional correlations of the Greek stock market and the Eurozone stock markets increased during the subprime crisis period compared to the stable period. Indeed, the t-statistic is significant for all market pairs at the 1% level, hence we reject the null hypothesis.
Like in Boyer et al. (1999) , stock returns' dynamic correlations show upward trends during crises events. This increase comes along an increase in the conditional variances of all European stock markets of our sample. These results are consistent with the literature indicating that conditional correlations tend to increase as conditional variance increases (Martens & Poon, 2001) . This upward trend is confirmed both for unadjusted and adjusted dynamic conditional correlations. Thus, we can conclude to the presence of a contagion Note: t-student's critical values are (2.326), (1.645) and (1.282) at the 1%, 5% and 10% levels respectively; *** and ** denote statistical significance at the 1% and 5% levels respectively. Source: own study.
effect generated by the subprime crisis across the Greek stock market and the other markets of our sample. This contagion can be described as shift contagion in the sense of Forbes and Rigobon (2002) . Our results are consistent with those of Hwang et al. (2010) who point to the significant impact of the subprime crisis on most international stock markets. However, examining the contagion effects generated by the European sovereign debt crisis shows that only the dynamic conditional correlations of the Greek stock market and the Portuguese stock market have increased during the European debt crisis period compared to the stable period. This increase is reflected by a t-statistic statistically significant at the 1% level. These results are in line with those reported by Horta (2012) and Kizys and Pierdzioch (2011) . The fundamental trade and financial relationships between Greece and Portugal, the effect of market participants' herding behaviour explained by financial panic after the Greek debt crisis, may explain shift contagion across Greece and Portugal, as estimated by the DCC model. Indeed, a few months after the Greek crisis, downgrading the Portuguese debt by Standard & Poor's in April 2010 raised concerns about the long-existing fundamental problems of the country. Portugal was then closely monitored by investors, leading to a sudden drop in financing packages and the worsening of the country's real problems. This context of widespread mistrust was reflected in an increased volatility of the Portuguese stock market and a collapse of stock prices. However, the results for the other market pairs are insignificant. Therefore, we fail to reject the null hypothesis assuming that dynamic correlations did not increase during the European sovereign debt crisis period compared to the stable period. With these results, we can conclude that the debt crisis generated a contagion effect from the Greek stock market to the Portuguese stock market. A contagion that can be described as shift contagion in the sense of Forbes and Rigobon (2002) . However, the relationship which defines the Greek stock market and the other markets of the sample cannot be described as contagion but only interdependence.
CONCLUSIONS
Contagion across the Eurozone stock markets is attracting the growing interest of analysts and researchers. Our study examined the relationship between the Greek stock market and six Eurozone stock markets. We applied the bivariate DCC-GARCH model to test this relationship over the 2004-2012 period, divided into two crises periods: the subprime crisis and the European debt crisis. Our results indicate that the subprime crisis generated a contagion effect on all market pairs. On the other hand, during the European debt crisis period, the relationship between the Greek market and the Eurozone stock markets is described as a simple interdependence, an exception is the Portuguese market. However, our results indicate that the dynamic correlations of the Greek and Portuguese markets changed during the second crisis period, suggesting the presence of a contagion effect between these two markets. Indeed, weakened by its public debt, as well as by a decrease of its rating, Portugal was considered the second 'weak link' in the Eurozone. Since then, the country went through a wave of fear that Portugal was increasingly being contaminated by the Greek crisis. Portugal then underwent a speculation transfer phenomenon in its market (Costa et al., 2016) . However, our results point to a shift contagion across the Greek and the Portuguese stock markets during this period.
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The obtained results are useful for investors, in particular for their portfolio diversification strategies. They are also useful for the monetary and financial authorities in their efforts to absorb shocks resulting from crises. Indeed, good understanding of contagion effects is an important step towards designing portfolios trading, hedging and optimisation strategies. Moreover, authorities' efforts during a financial crisis in a given country will only be effective if the relationships between the two countries are significantly different before and after the crisis. If, however, no contagion is detected, the efforts will have very limited effects since financing problems in this case result mainly from the country's fundamental economic and budgetary problems.
Finally, we believe that the measures of contagion effects following the valuation of countries induced by the massive negative sovereign rating signals during the crisis period would also be interesting to study. Our proposed methods might also be applicable to this kind of contagion type and for contagions effects across European stock market returns.
